普鲁兰基肿瘤靶向性纳米粒子的制备、稳定性和体外释放 by 唐红波 et al.
中国组织工程研究  第 16 卷 第 34 期  2012–08–19 出版 
Chinese Journal of Tissue Engineering Research  August 19, 2012  Vol.16, No.34 






Beijing  100007, 
China; 2Institute of 
Biomedical 
Engineering, Chinese 
Academy of Medical 
Sciences, Peking 
Union Medical 
College, Tianjin  
300192, China; 3The 
Key Laboratory of 
Hereditary Disease 
and Molecular Target 
Drug Therapy, 




Xinxiang  453003, 
Henan Province, 
China; 4Research 
Center of Biomedical 
Engineering, Medical 
College of Xiamen 
University, Xiamen  
361005, Fujian 
Province, China   
 
Tang Hong-bo☆, 










Academy of Medical 
Sciences, Peking 
Union Medical 












Academy of Medical 
Sciences, Peking 
Union Medical 
College, Tianjin  
300192, China; 
Research Center of 
Biomedical 
Engineering, Medical 
College of Xiamen 




      
 
普鲁兰基肿瘤靶向性纳米粒子的制备、稳定性和体外释放*☆◆ 
唐红波1, 2，陈红丽3，周志敏2，张  彤2，刘玲蓉2，张其清2, 4 
 
Tumor-targeted nanoparticles derived from pullulan acetate conjugate: Preparation, stability and 
release in vitro   







BACKGROUND: Pullulan due to its many unique characteristics have received more and more attention in the field of 
drug delivery systems. But, the tumor targeted nano-drug carriers based on pullulan needed to be further studied and 
developed. 
OBJECTIVE: To observe the stability and drug release in vitro of nano-drug carriers and to preliminarily evaluate the 
potential of folate conjugated pullulan acetate (FPA) as a nano-drug carrier.  
METHODS: Folate was coupled to pullulan acetate (PA). FPA nanoparticles (FPAN) and epirubicin-loaded FPA 
nanoparticles (FPA/EPI) were prepared by dialysis method. The storage stability of FPAN and FPA/EPI was observed by 
storage method, and the in-vitro release characteristics were studied by dialysis bag method. 
RESULTS AND CONCLUSION: FPAN and FPA/EPI had the nearly spherical shape with a size range of (204.2±10.9) nm 
and (273.4±11.0) nm, respectively, and they had low ζ potentials both in water and in 10% fetal bovine serum. FPAN 
maintained stable for at least 1 year. The drug encapsulated in FPAN was released more quickly in pH 5.0 PBS than in pH 
7.4. It is concluded that the FPA nano-drug carrier is easy to prepare and has good stability. FPA and FPA/EPI 
nanoparticles have the potential to be new tumor-targeted nano-drug delivery systems. 
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结果与结论：乙酰普鲁兰叶酸偶合体纳米粒子和 FPA/EPI 的粒径分别为(204.2±10.9) nm 和(273.4±11.0) nm，在蒸
馏水和体积分数 10%胎牛血清中表面电位均较低，乙酰普鲁兰叶酸偶合体纳米粒子在水溶液中粒径 1 年内未见显著
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将1.0 g(2.27 mmol)叶酸加入到15 mL二甲基
亚砜(DMSO)中，加入5滴三乙胺，搅拌至叶酸
完全溶解，溶液中再加入0.9 g (4.36 mmol)二
环己基碳二亚胺及0.25 g (2.05 mmol)4-二甲






























































对所包载药物的释放：将FPA/EPI悬液浓度调至   














   
2  结果 
 









































FPA: folate conjugated pullulan acetate 
 
Figure 2  Transmission electron micrograph of FPA 
nanoparticles and epirubicin-loaded FPA 
nanoparticles (FPA/EPI) 
图 2  乙酰普鲁兰叶酸偶合体纳米粒子和乙酰普鲁兰叶酸
偶合体/表阿霉素载药纳米粒子透射电镜照片 
a: FPA nanoparticles 
b: FPA/EPI nanoparticles 
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2.3  不同介质中的ζ 电位  FPAN和FPA/EPI在去离子
水 溶 液 中 的 ζ 电 位 分 别 为 (-8.400±4.951) mV 和
(-10.288±2.748) mV。为了进一步模拟体内环境，实验
考察了纳米粒子在体积分数为10%胎牛血清中的电位，
FPAN 和 FPA/EPI 在 10%FBS 中 的 ζ 电 位 分 别 为
(-0.731±0.998) mV和(0.632±0.279) mV，绝对值显著
低于在水溶液的电位。 
2.4  表阿霉素标准曲线的测定  本次实验中包封率及
载药量采用紫外分光光度法测定，药物释放采用荧光分
光光度法测定。表阿霉素在DMSO中紫外-可见分光光
度计 485 nm 处测定的直线方程为： Y=0.004 5        
+ 0.010 8X(R2=0.999 9)，用于包封率及载药量的测定。
在DMSO中的浓度-荧光标准曲线直线方程为：      
Y= 1.350 8+6.789 5X(R2=0.999)，用于体外释放的药物
浓度测定。 





















































FPA: folate conjugated pullulan acetate 
 
Figure 3  Scanning electron micrograph of FPA nanoparticles
and epirubicin-loaded FPA nanoparticles (FPA/EPI)
图 3  乙酰普鲁兰叶酸偶合体纳米粒子和乙酰普鲁兰 
叶酸偶合体/表阿霉素载药纳米粒子扫描电镜照片
a: FPA nanoparticles 
b: FPA/EPI nanoparticles 
Figure 4  Release profile of epirubicin from epirubicin-loaded 
folate conjugated pullulan acetate nanoparticles in 
PBS buffers at pH 7.4 and pH 5.0 
图 4  乙酰普鲁兰叶酸偶合体/表阿霉素载药纳米粒子在 pH
7.4 和 pH 5.0 的 PBS 中的释放曲线 
表 1  乙酰普鲁兰叶酸偶合体纳米粒子的粒径、粒径分布和 ζ电位
Table 1  Diameter distribution and ζ potential of folate 




Time Particle size (nm) Dispersion index ζ potential (mV)
0 d 204.2±10.9 0.172±0.036 -8.400±4.951
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